The signaling pathway responsible for NF-B activamammary epithelial proliferation in response to RANK tion during mammary gland development is not known signaling via cyclin D1.
terations was electroporated into ES cells, and six clones with homologous recombination at the Ikk␣ locus 2001b). This function is dependent on IKK␣ kinase activity, but instead of being mediated through inducible IB were selected for electroporation with a plasmid expressing Cre recombinase to remove the Neo r cassette. degradation, is exerted via a second NF-B activation pathway, dependent on processing of the NF-B2/p100
A heterozygous Ikk␣ ϩ/AA ES clone was selected and injected into mouse blastocysts, yielding chimeric mice, precursor to the mature p52 subunit (Senftleben et al., 2001b A forward primer (p392, specific for exon 5) was used in combination with either pWT, a primer specific for the wt sequence (S176, S180), pAA, a primer specific for the mutated sequence (A176, A180), and p776, a primer for exon 7, followed by Eco47III digestion. (C) Total liver RNA was converted to cDNA and amplified using primers p392 and p776 (top panel). Lane 1, genomic DNA was used as template; Lane 2, Ikk␣ cDNA was used as a template. PCR products were digested with Eco47III to reveal the presence of the mutant sequence Figure 2D) . Hence, the develmammary epithelium is due to reduced cyclin D1 expression. opmental defect of Ikk␣ AA/AA mice is autonomous to the mammary epithelium. of the mammary epithelium (Fata et al., 2000) . The Ikk␣ AA mutation causes the same defect in mammary gland development as the ablation of either RANK or RANKL (Fata et al., 2000) . In all three cases, the defect is reits expression in the Ikk␣ AA/AA background restored cyclin D1 expression to normal levels ( Figure 8B ). However, stricted to growth of the lobuloalveolar network during pregnancy. The Ikk␣ AA mutation also results in defective the MMTV-cyclin D1 transgene did not restore NF-B activity ( Figure 8C) .
Defective NF-B Activation in
NF-B activation in mammary epithelial cells during Although the details of IKK activation by any one stimhave a second function that depends on its protein kiulus, including TNF␣, remain to be elucidated, the presnase activity -the processing of NF-B2 p100 to the ent results clearly demonstrate that IKK␣ and IKK␤ differ mature p52 DNA binding subunit (Senftleben et al., in their responsiveness to upstream stimuli. These differ2001b). Although IKK␣ kinase activity is also required ences can be utilized in the design of therapeutically for p100 processing in mammary epithelial cells, it is useful IKK inhibitors. While selective IKK␤ inhibition is unlikely that a p52 deficiency accounts for the defect in expected to inhibit inflammatory responses, it should mammary gland development. First, unlike B cells where also block innate immunity and sensitize various cells to TNF␣-induced apoptosis (Li et al., 1999a, 1999b; Senftit is a relatively abundant NF-B protein (Senftleben et 
